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AHHOTau;Ha 

Investigation of crystallization in an 5BDSR amorphous alloy by system Fe-Cu-Nb-Si-B under the influence of an 
incoherent optical radiation generated by gas discharge flash-lamp using X-ray diffraction scattering. It is shown 
that depending on the magnitude of the input power to the flash-lamp of structure of the alloy varies widely after 
radiation: a change in the short-range order during retaining the amorphous structure or the formation of several 
crystalline phases with different quantitative content in the alloy. Conditions are found for the formation of the 
nanocrystalline structure. Analysis in terms of the Kolmogorov-Jolmson-Mehl-Avrami kinetics showed that the 
mechanism of primary crystallization under flash irradiation is associated with a well-known for finemet-type 
alloys: rapid nucleation, followed by growth slowing of nanocrystalline phase a-Fe(Si) with the DO3 structure. 

MeTO^aMH peHTreHOBCKoii flncbpaKijHH nccne,n,OBajiacb KpncTajijirraanHa aMopcpHoro cnjiarsa 5B,H,CP cncTe- 
mbi Fe-Cu-Nb-Si-B nofl fleiicTBHeM onTHnecKoro HeKorepeHTHoro rrajiyHeHna, reHepnpyeMoro ra3opa3paflHOH 
jiaMnoH-BcnBiHiKoil. IIoKa3aHO, hto b 3aBHCHMOCTH ot BejiHMHHBi no,n,Be,z],eHHOH SHeprun k jiaMne-BcnBimKH CTpyK- 
Typa cnjiaBa nocjie o6jiy^eHna MeHaeTca b mnpoKHx npe^ejiax: ot H3MeHeHna 6jm>KHero nopa/nxa, c coxpaHeHneM 

aMOpCDHOH CTpyKTypbl, flO KpHCTajIJlH3an,HH, C 06pa30BaHHeM HeCKOJIBKIIX (Da3, C pa3HBIM KOJIHHeCTBeHHBIM co- 

flepjKaHneM hx b cnjiaBe. HaiifleHBi ycnoBiia o6pa30BaHiia HaHOKpHCTajijiHHecKOH CTpyKTypBi. Ha ocHOBe aHajiH3a 
KimeTHKH KpncTajijiH3an,HH HaHOKpncTajijiHHecKoii cba3Bi, c npiiBjieHeHiieM MO^ejiH KojiMoropoBa-/I,jKOHCOHa- 
Mejia-ABpaMH, ycTaHOBjieHO, mto MexaHii3M nepBiiHHoii KpHCTajijiH3an,HH CBa3aH c xopomo iraBecTHbiM fljia 
cnjiaBOB fmemet-Tima 6bictpbim 3apo>K/],eHHeM iieHTpoB KpncTajijiiraanHH c nocjieflyH3m,HM 3aMefljieHneM pocTa 
HaHOKpncTajijiOB <ba3Bi a-Fe(Si) c DO3 CTpyKTypoii. 



1 



KpHCTajuiH3an;Ha aMopcpHoro cnjiaBa cucTeMM Fe-Cu-Nb-Si-B no,a, ^eftcTBueM MouiHoro 

HMnyjibCHoro onTHHecKoro H3JiyHeHHH 

Ha3nnoB P.A., 3k>3hh H.A., Mhthh A.B. 



1 BBe^eHHe 

IIohck hobbix cnoco6oB TepMHHecKoit o6pa6oTKH aMopcpHbix cnjiaBOB, KOTopbie CMorjiH 6bi ynpocTHTb cymecTBy- 
romyio TexHOjiornio h b to »ce BpeMH yjiyniHHTb hx (pyHKniiOHajibHbie CBOHCTBa, HBjiiieTCH aKTyajibHbiM HanpaB- 
jieHiieM <pH3HHecKoro MaTepHajiOBejj,eHHH . MarHHTHbie cnjiaBbi finemet-THna, Ha ocHOBe komho3hhhh Fe-Cu-Nb- 
Si-B c npeHMym,ecTBeHHbiM cojj,ep:»caHHeM »cejie3a (okojio 74-77%), o6jia,n,aiOT oco6eHHOCTbio KpHCTajijiH30BaTbCH 
H3 aMopcpHoro coctohhhh b KOMno3HTHyio CTpyKTypy c 6ecnopsi;j,OHHO opneHTHpoBaHHbiMH HaHOKpncTajijiaMH b 
aMopcpHoft MaTpnue [1 . PasMep HaHOKpncTajuiOB cocTaBjraeT okojio 10 hm, hto HaMHoro MeHbine, neM /ijiHHa 6jio- 
xobckoh CTeHKH. 3to npiiBOiTHT k TOMy, hto b o6T>eMe KpHCTajijiorpacpHHecKaa aHH30TponHH OTjj,ejibHoro 3epHa 
ycpejTHHeTCH h cpepnee 3HaHeHne aHH30Tponnn CTOxacTHnecKoro MarroiTHoro jj,OMeHa CTaHOBHTCH oneHb MajibiM. 
KaK cjiejj,CTBHe, TaKne cnjiaBbi nocjie TepMnnecKoii o6pa6oTKH o6jiajj,aK)T oneHb hh3koh kospuhthbhoh chjioh, c 

OflHOBpeMeHHO JJ,OBOJIbHO BblCOKHMH 3HaHeHHHMH HH/jyKUHH HaCbllHeHHH H MarHHTHOH npOHHUaeMOCTH [SJ [5] . 

CTaH/japTHaa TexHOjiornn , npn KOTopoit cbopMnpyeTCJi HaHOCTpyKTypa, 3aKjnoHaeTCH b OTJKiire ccbopMnpoBaH- 
Hbix H3 cnjiaBa Fe-Cu-Nb-Si-B 3aroTOBOK b nenn b TeneHne 30-60 mhh. npn TeMnepaType okojio 550°C. B pe3yjibTaTe 
OT>Kiira cnjiaB He tojibko npno6peTaeT yHHKajibHbie MarHHTHbie CBOHCTBa, ho TaK»ce CTaHOBHTCH oneHb xpynKHM 
h noBepxHOCTb ero OKHCjraeTCH. ,H,jih npejj,OTBpain,eHHH OKHCjieHHH Hcnojib3yiOT TepMnnecKHii OTscnr b aTMOCcpe- 
pe HHepTHoro ra3a hjih b BaKyyMe. Bojibinaa xpynKOCTb cnjiaBa nocjie OT»cHra HBjraeTCH 3HaHHTejibHoii npo6jie- 
Mofi. 3to o6ycjiaBjiHBaeT Heooxo/rHMOCTb ii3roTaBjiHBaTb 3aroTOBKy 3apaHee 11 OTxairaTb ee uejiHKOM. C nejibio 
yMeHbineHHH OKiicjieHHH noBepxHOCTH aMopcpHoro cnjiaBa h yjiynineHHa MexaHnnecKHx cbohctb, c o/THOBpeMemibiM 
yjiynineHiieM MarHHTHbix cbohctb 6bijin npe/rnpHHHTbi nonbiTKH ncnojib30BaTb 6biCTpbift OTaciir aMopcpHbix cnjiaBOB 
[110 [5]. O^HaKO TaKaa o6pa6oTKa npiiMeHHjiacb b CMbicjie OTnycKa H36biTOHHbix HanpjDKeHHH, a He cbopMiipoBaHiiH 
HaHOKpHCTanjiHHecKOH CTpyKTypbi. JXnn co3jj,aHiiH paBHOMepHoit HaHOKpHCTajijiHHecKoii CTpyKTypbi Heo6xojj,HMO co- 
3^aTb ycjiOBHH, npn kotophx no BceMy o6 r beMy ojj,hopojj,ho cbopMiipyiOTCJi mhokcctbo neHTpoB KpHCTajijiraanHH, 11 
3aTeM Ba>KHO orpaHHHHTb pocT KpncTajuiHTOB pp BejiHHHHbi okojio 10 hm. B cnjiaBax cocTaBa Fe-Si-B 3Toro He npo- 
hcxojtht — KpHCTajijiHHecKHe 3epHa BbipacTaiOT ,n,o 3HaHHTejibHbix pa3MepoB h npn stom chjibho pasHHTca cbopMa h 
BejiHHHHa 3epeH. IIoHBjieHHe MHO»cecTBa neHTpoB KpHCTajijiH3aHHH mojkho jj,o6htch jj,o6aBjieHHeM b Fe-Si-B nopsijj- 
Ka 1 aT. % Cu. B stom cjiynae b cnjiaBe Fe-Si-B nponcxoiTHT cerperanira Me/Hi no BceMy o6 r beMy b BH^e KjiacTepoB c 
rD,K CTpyKTypoft pa3MepoM 3-5 hm [7]. BascHO otmcthtb, hto TeMnepaTypa npn KOTopoft nponcxo/niT BbmejieHne 
Mejj,Hbix KjiacTepoB ropa3jj,o mrsce, neM TeMnepaTypa o6pa30BaHHH nepBHHHon KpHCTajijinnecKon cpa3bi. Ha rpaHH- 
n,e Me^Htix KjiacTepoB chjibho noHHscaeTCH SHeprna aKTHBauiiH KpHCTajijiH3aii,HOHHbix 3apojj,biHieH cba3bi a-Fe(Si). 
Ho ohh Bee eme MoryT BbipacTH pp 3HaHHTejibHbix pa3MepoB, nosTOMy k cnjiaBy jj,o6aBjiHiOT okojio 3 aT. % Nb, hto 

OrpaHHHHBaeT pOCT (paSbl a-Fe(Si) H npHBOJJ,HT K CpOpMHpOBaHHIO HaHOKpHCTajIJIHHeCKOH CTpyKTypbi B ,H,OBOJIbHO 

ninpoKOM TeMnepaTypHOM jj,Hana30He (550-650°C). 

Ha nponecc KpncTajijiH3an,Hn 3HaHHTejibHoe Bjinsmne OKa3biBaeT CKopocTb HarpeBa aMopcpHoro cnjiaBa. YBejin- 
neHne ckopocth HarpeBa aMopcpHbix cnjiaBOB npHBOjj,HT k yBejinneHHio ckopocth KpHCTajijiH3auHH [5], npn stom 
TeMnepaTypbi KpncTajijiH3aniiH nepBoii n BTopon CTajj,nii CMemaiOTCH b 6ojibinyio CTopoHy. CMem,eHne TeMnepaTyp 
KpncTajijiH3an,HH ji,jih nepBoii n BTopon CTajj,nii nponcxojj,HT HepaBHOMepHO n /tjih bhcokhx CKopocTeft HarpeBa HeT 
jj,aHHbix KajiopHMeTpHH o tom, HacKOjibKO 6jih3ko hjih ji,ajieKO APy r OT APy ra H & TeMnepaTypHoii niKajie Haxojj,HT- 

CH MaKCHMyMbI CKOpOCTeil KpHCTajIJIH3aiI,HH. Bo3MO>KHO npH BblCOKOH CKOpOCTH HarpeBa OHH HaXOiTHTbCH 6jiH»ce 

jj,pyr k jj,pyry, hto MOJKeT 3aTpyjj,HHTb nojiyneHHe cnjiaBa CHCTeMbi Fe-Cu-Nb-Si-B b HaHOKpHCTajijinnecKOM cocto- 
hhhh npn HMnyjibCHOM OT»cHre. KpoMe Toro, pp KOHn,a He 6mjio hcho, ycneiOT jih aTOMbi Mejj,H crpynnnpoBaTbca b 
KjiacTepbi bo BpeMH HMnyjibCHOro OTJKHra h npn KaKOH hojtbojthmoh SHeprnn sto npoH30iijj,eT. 

PaHee b pa6oTe |S] coo6m,ajiocb o HCCjiejj,OBaHHH KpHCTajijiH3an,HH b cnjiaBe 5B,U,CP nocjie HMnyjibCHOro ot>kh- 
ra H3jiyneHHeM MomHoro 3JieKTpHHecKoro pa3pajj,a b aTMOCcbepe B03/ryxa. 3jieKTpHHecKHii paspajj, b B03jj,yxe - 
cjio>KHbiH npon,ecc, npn kotopom iiomiimo ajieKTpoMarHHTHoro nsjiyHeHHH Ha o6pa3en, jj,eiiCTByeT yjj,apHaH BOjma 
6biCTpo pa3orpeToro B03/ryxa. CymecTBeHHoe BjiHHHne Ha npon,ecc OTxcnra sthm m6tojj,om OKa3biBaeT (pjnoKTyaii,HJi 
no/rBO/niMOH k o6pa3u,y SHeprHH, BCjiejj,CTBHe CTOxacTHHecKoft npHpojj,bi HMnyjibCHOro sjieKTpHnecKoro pa3pHjj,a, 
nosTOMy jj,obojibho Tpyjj,HO nojiynnTb npoMe>KyTOHHoe aMopcpHoe-KpHCTajijiHHecKoe CTpyKTypHoe cocTOSHHe . J\jik 
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Piic. 1: BHeiHHiift bilh, jiaMnbi-BcnbiiiiKii XV80 npoii3BO,n,CTBa KOMnaraH TESLA (HexocjiOBaKira, n3roTOBjieiia b 
1983 r.) 

yMeHbineHHH cbjiiOKTyauHii nOflBOflHMofi k o6pa3iry SHepriiii, b KanecTBe iiCTOHHiiKa MOiinioro HMnyjibCHoro ajieK- 
TpoMarHHTHoro H3jiyHeHHH b ,n,Hana30He ot imcbpaKpaciioro (HK) pp yjibTpacbiiojieTOBoro (YO) mm ncnojib30Bajiii 
jiaMny-BcnbiniKy — ra3opa3pji;THyio jiaMny c BHeniHHM no;x>KiiroM. B pa6oTe [IOj 6bijia noKa3aHa bcbmcokhoctb 
KpiiCTajijiii3auiiii aMopcpHoro cnjiaBa Ha ocHOBe Fe no,n, ^eftcTBHeM MOiinioro HMnyjibCHoro HeKorepeHTHoro ajieK- 
TpoMarHHTHoro ii3jiyHeHHH, reHepiipyeMoro jiaMnoii-BcnbiinKOH THna HCDK-2000. IIpii stom iiCKjnonaeTCJi jjeiiCTBiie 
B03,a,yniHOH yn,apHOH BOjiHbi 11 BjiiiHHiie njia3Mbi sjiexTpiiHecKoro pa3p5bna, hto no3BOjiaeT noMecTiiTb o6pa3eu, biuiot- 
Hyio k KOji6e jiaMnbi. J\jir B03MO>KHoro npaKTiinecKoro npiiMeHeHHfl HHTepec npejiCTaBjisieT OTcyTCTBiie okhcjiob 
Ha noBepxHOCTH jieHTbi npn KpiiCTajijni3auiiii no/i, iieHCTBiieM HMnyjibCHoro ajieKTpoMarmiTHoro H3jiyHeHHH. O/nia- 
ko, npn noflBO^HMOfl SHeprHH, 3HaHHTejibHO 6ojibineH neM Heo6xo,n,HMO jijih KpiiCTajijiii3auiiii o6pa3H,a no o6 r beMy, 
npoiicxo/niT ropeHne cnjiaBa c o6pa30BaHHeM cjio>KHbrx okhcjiob. ripoTeKaioiniiii b jiaMne-BcnbiniKe HMnyjibCHbift 
pa3pHjj, jj,OBOjibHO CTa6HjieH, h BejiHHHHa H3JiyHaeMoil siiepniii sjieKTpoMarmiTiioro H3jiyHeHHH hbjihctch xopoino 
npejj,CKa3yeMOH. IIosTOMy BjiiiHHiie HMnyjibCHoro H3jiyHeHHH Ha CTpyKTypy aMopcpHoro cnjiaBa b o6jiacTii CTpyKTyp- 
Horo nepexojia aMopcbHbiH-KpiiCTajijiiiHecKiiii jiynine noBTopaeTCH, neM npn oGjiyHemiii sjieKTpiinecKiiM pa3pa,n,OM 
b B03,a,yxe. 

B HacTOHm,eft pa6oTe mm noKa3biBaeM npinmiiniiajibHyio B03MO»cHOCTb nojiyneHiifl cnjiaBa CHCTeMbi Fe-Cu-Nb- 
Si-B b HaHOKpiiCTajijiiiHecKOM coctohhiih npn HMnyjibCHOM OTJKHre aMopcpHoro cnjiaBa HeKorepeHTHbiM sjieKTpo- 
MarHHTHbiM H3jiyHeHHeM b jj,Hana30He ot imcbpaKpaciioro jj,o yjibTpacbiiojieTOBoro. 

2 3KcnepHMeHT 

B KanecTBe o6 r beKTa HCCjiejj,OBaHHH 6biji Bbi6paH aMopcpHbiit cnjiaB 5B,II,CP npoH3BOjj,CTBa AiiiiiHCKoro MeTanjiyp- 
riinecKoro 3aBOjj,a (5B,Z],CP ran B, TY 14-123-149-99, HOMep ruiaBKii 2-5-759), KOTopbiii othociitch k cnjiaBaM 
CHCTeMbi Fe-Cu-Nb-Si-B. CnjiaB 6hji ii3roTOBjieH MeTOiiOM cniiHHiiHroBaHiiH ii npejiCTaBjiaeT co6oft TOHKyio jieHTy, 
TOJim,nHoii okojio 25 mkm ii niiipiiHOH 10 mm. H3 jichth 6bijiii Bbipe3aHbi o6pa3Ubi, jijihhoh 30 mm, KOTopbie h 
no^BeprajiHCb OT>Kiiry b aTMOCcbepe B03jryxa iisjiyneiiiieM JiaMnbi-BcnbiniKH XV80 npoH3BOjj,CTBa HexocjiOBauKoft 
KOMnaHHii TESLA. 

Koji6a JiaMnbi-BcnbiniKH XV80 HMeeT cojieHOiLnajibHbiH bhji,, c BHyTpeimiiM jxiiaMeTpoM 15 mm, Ha piic. 1 npii- 
Bejj,eHa ee cboTorpacbiiH. 

06pa3eu, noMemajiCH BHyTpii jiaMnbi Ha och KOJi6bi-KaTyniKH TaKiiM o6pa30M, HTo6bi ueiiTp thjkccth o6pa3ua 
6hji npiiMepHO nocepe/nme jiaMHu. 

B KanecTBe HCTOHHiiKa sjieKTpiiHecKoii SHepriiii jiaMnbi Hcnojib30Bajiacb ycTaHOBKa, BKjnonaioiHaH b ce6ii: 

• BbicoKOBOjibTHbiii 6jiok niiTaHiiH nocTOHHHoro HanpasceiiiiH Ha 6a3e YBilH-l; 

• KOH^eHcaTopHyio 6aTapeio o6m,eH eMKOCTbio 1179 mkO, co6paHHyio H3 8-mh KOHjj,eHcaTopoB HM5-150, no,n- 
KjiiOHeHHbix napajijiejibHo; 

• ycTpoiicTBO KOMMyTauiiii, cocTOHin,eii 113 ii3MepHTejibHoro ycTpoitcTBa BbicoKoro HanpjDKemiH, BbicoKOBOJibT- 
Horo TpaHcabopMaTopa Tecjia pjlsl no^pKHra pa3pHjj,a b jiaMne, Kjiiona 3apjma h JIATPa. 

IIpHHii,nnnajibHaH sjieKTpHHecKaa cxeMa ycTaHOBKii npiiBejj,eHa Ha piic. 2. 

,H,jiHTejibHOCTb ajieKTpoMarHHTHoro HMnyjibca cocTaBjiaeT nopajj,Ka 500 mkc. ^jih on,eHKn no^BOjj,HMOii k jiaMne 
sjieKTpiiHecKoii SHeprnii iicnojib30Banocb cooTHOineHne E e — CU 2 /2. 

HMnyjibCHoe o6jiy T ieHiie o6pa3upB cnjiaBa SB^CP npoBOjj,Hjiocb b HecKOjibKO cepiiii: 
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-220 B 




Ejiok noflWMra 



Phc. 2: IlpiiHLi,iinii£LjibH£iH cxeMa ycTaHOBKH pjm niiTaHira jiaMnw hjih pa3p5rnHHKa n chctcmbi no/r>KHra 

1. 06jiyHeHHe ojthhm HMnyjit.coM, c pasHon no/iBOjTHMOH sjieKTpnHecKon SHeprnen — 747 flac, 917 flac, 1103 /],)«, 
1307 ,H,>k n 1529 JIjk (Henejibie nncjia SHeprnii CBH3aHbi c oco6eHHOCTbio H3MepeHHH BbicoKoro HanpjDKeHHJi) . 

2. 06jiyHeHHe npn o/nmaKOBon nojTBOjrnMon sjieKTpnHecKon SHeprnn E e = 1307 /Ix, ho c pa3HbiM kojihhcctbom 
HMnyjibcOB: N = 1, 2, 5, 10, 20 n 30. 

3. 06jiyHeHHe npn ojrnHaKOBon noiTBO/niMon sjieKTpnHecKon SHeprnn E e = 917 /],}«, ho c pasHbiM kojihhcctbom 
HMnyjibcOB: N = 1, 5, 10, 20, 30, 40 n 50. 

OTjj,ejibHO 6bijin o6jiyHeHbi 20-k> HMnyjibcaMn o6pa3iibi c nojTBO/iHMOH SHeprnen E e = 747 JIjk (N = 20), a TaK»ce 
c noABOjj,HMOii SHeprnen i? e =1103 JJjk (N = 20). 

PeHTreHOCTpyKTypHbie nccjie/ipBaHHJi npoBO/nuincb Ha peHTreHOBCKOM MnHn/nicppaKTOMeTpe M^-IO «3<DA» 
(IIpoH3BOjj,CTBa 3AO «Pajj,HKOH», r. C.-IIeTep6ypr), c perncTpannen H3jiyHeHHH nosniiHOHHO-HyBCTBHTejibHbiM jj,e- 
TeKTopoM (IT-m). B KanecTBe ncTOHHHKa peHTreHOBCKoro H3JiyneHHH npnMeHHjiacb Tpy6xa npocTpejibHoro Tuna, 
MajiOMom,HaH, oxjia>K,naeMaH iiotokom B03jj,yxa, c »cejie3HbiM aHO/ipM. EfejiyHeHiie Fe-K a 6mjio BbrnejieHO KpncTajijiOM- 
MOHOxpoMaTopoM LiF. Cjie^yeT yKa3aTb Ha opnrnHajibHyio peHTreHOonTHHecKyio cxeMy MnHn/nicppaKTOMeTpa, bch 
o6jiacTb yrjiOB 29 pa36nTa Ha /nm jj,Hana30Ha: Majibix yrjiOB h 6ojibhihx yrjiOB. HocKOjibKy IIH^ Henojj,BH>KeH bo 
Bee BpeMH H3MepeHHii, jj,Hana30H MeiraeTCH H3MeHeHneM yrjia BBO/ia nepBHHHoro peHTreHOBCKoro ny^Ka. B nepBOM 
jrnanasoHe yroji BBO/ia nepBHHHoro ny^Ka c njiocKOCTbio o6pa3iia cocTaBjiaeT okojio 5°, hto no3BOjiaeT nccjie- 
jj,OBaTb noBepxHOCTHbiii cjioii Ha rjiy6nHe hcckojibkhx mkm. O/rnaKO b stoh reoMeTpHH He6ojibHine CMemeHHH no 
BepTHKajibHoii ocn njiocKOCTn o6pa3iia npnBO/iHT k 3aMeTHOMy CMemeHHio /incppaKnnoHHbix pecpjieKCOB, hto He 
no3BOjiaeT Hcnojib30BaTb npn6op pjia npenn3HOHHoro onpe/iejieHHJi Me»cnjiocKOCTHbix paccTOjmnn. TeM He MeHee, 
npn (pa30BOM aHajiH3e, KOiyia Heo6xojj,HMO H3MepHTb OTHOCHTejibHbie hht6hchbhocth pecpjieKCOB, /iaHHbin npn6op 
no3BOjiaeT nojiynnTb oneHb TOHHbie pe3yjibTaTbi b npe/iejiax o/rnoro jj,nana30Ha 29. PeHTreHOCTpyKTypHbie nccjie- 

flOBaHHH npOBOJJ,HJIHCb BO BCeX CJiynailX C MaTOBOH (HeKOHTaKTHOn) CTOpOHbl JieHTM. 

3 Pe3yjibTaTbi h oGcy^Kflemie 

Ilocjie o6jiyHeHHH jiaMnon-BcnbiniKon HMnyjibCHbiM HeKorepeHTHbiM ohthhcckhm H3jiyHeHHeM, Bee o6pa3iibi cnjiaBa 
5B,3,CP ocTaBajincb HeoKncjieHHbiMH, npaKTnnecKn 6e3 cjiejj,OB no6e»cajiocTH. IloBepxHOCTb jieHTbi CTaHOBnjiacb 
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Angle 29, degrees 



Phc. 3: ^HcppaKTorpaMMbi cnjiaBa 5B,U,CP b hcxo/htom coctohhhh h nocjie o6jiyHeHHH o^hhohhhm HMnyjibcc-M 
HeKorepeHTHoro onTHHecKoro H3JiyneHHH c pa3H0ii nqzjBO/niMOH SHeprneft 

HecKOjibKO HepoBHOii h CTaHOBHjiacb xpynKoft, o/nmKO He KaTacTpocpHHecKH — ^onycKajia He6ojibinoft H3rn6 ,n,o 
ii3jiOMa ^,a»ce npn nojiHoft KpHCTajijiH3aHHH. 

Ha puc. 3 npHBe,n,eHbi peHTreHOBCKne /n«ppaKTorpaMMbi, nojiyHeHHbie pp h nocjie o6jiy x ieHiiH cnjiaBa 5B,H,CP 
c pa3HOH no/jBO/niMOH SHeprHH 3a o,h,hh nMnyjitc. H3 3Toro pncyHKa bh^ho, hto b hcxo^hom coctohhhh jieHTa 
HBjiHeTCH aMopcpHOH. IIo Mepe yBejiHneHHH no/jBO/niMoii SHeprioi cpopMa npcxpHjra peHireHoaMopcpHoro rajio CTa- 
hobhtch CHanajia acuMMeTpiiHHOfi (E e = 917 JJ^k), a 3aTeM cyscaeTCH (E e = 1103 A^k)- KpHCTanjiH3auHii cnjiaBa 
npoHCxo^HT npn o6jiyHeHHH c no/jBO/niMOH SHeprnen 1307 JJjk 11 1529 A^Kj b nocjie/ipeM cjiynae bh,h, ^.ncppaKTO- 
rpaMMbi TaKOit »ce, KaK npn TepMH^ecKOM OT>Knre jichtbi SB^CP npn 900°C. IIoaTOMy mbi npnnijiH k BbiBO/iy, 
hto npn o6jiyneHHH cnjiaBa 5B,ZI,CP c no/jBO/niMOH SHeprneft 1529 ,11,*: npc-HCxo/niT nojiHaa KpHCTajijiH3aHHH o6pa3- 
n,a. 3,n,ecb HHTepecHO OTMeTHTb, hto o6biHHbin TepMnnecKHft c-TJKiir aMopcpHOH MeTajijinnecKOH jieHTbi pp nojiHoft 
KpHCTajijiH3au,HH cnepyer npc-BO/niTb b BaxyyMe hjih b HHepTHOH aTMOCcpepe, HTo6bi H36e>KaTb ee okhcjichhh . 

OasoBbiii cocTaB cnjiaBa 5B,II,CP nocjie iiojihoh KpHCTajijiH3aHHH KaK MHHHMyM /jByxKOMnoHeHTHbift 11 BKjiiOHaeT 
b ce6a (p a3 y a-Fe(Si) co CTpyKTypoft Heynopsmc-HeHHOH CBepxpenieTKH DO3 h reKcaroHajibHyio <p a3 Y! KOTopaa 060- 
3HaHaeTCH KaK H-cpa3a |1H 112] . Ha piic. 4 npHBe/jeHa /nicppaKTorpaMMa nojiHOCTbio KpHCTajijiH30BaHHoro o6pa3ua, 
nojiyneHHoro o6jiyHeHneM aMopcpHoro cnjiaBa o^hhohhhm HMnyjibcOM c E e = 1529 A^k- r II, II 4 ) P aKTOr P aMMa nocTpo 
eHa no jiorapncpMHHecKOH niKajie Me»cnjiocKOCTHbix paccTOHHHH rf(A), Ha Hen pa/jOM c ochobhhmh pecpjieKcaMH 
yKasaHbi cpa3bi h hx vmpencbi OTpa:»caioiHHx njiocKOCTeit {hkl). 

^HcppaKTorpaMMa o6pa3ua, o6jiyHeHHoro c E e = 747 flat, ^aace npn yBejinneHKH KOjinnecTBa HMnyjibcOB 
pp N = 20 ocTaeTCH npaKTHnecKH 6e3 H3MeHeHHH. nocKOjibKy 3aMeTHbie H3MeHeHHH /nicppaKHHOHHoro npocpH- 
jih peHTreHoaMopcpHoro rajio Ha6jno^,aiOTCH fljm o6pa3HOB, o6jiyHeHHbix c E e = 917 ,11,*: h E e = 1103 JIjk, 6bijio 
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Phc. 4: ^HcjjpaKTorpaMMa nojmocTbio KpHCTajijiH30BaHHoro o6pa3ua 



c/jejiaHO npe;rnojio:>KeHHe, hto yBejinneHHe KOjinnecTBa HMnyjibcOB, npn ,n,aHHOft Hen3MeHHOft nojTBOiTHMOft 3Hep- 
rain, MoaceT Bbi3BaTb 6ojibniHe H3MeHeHHH b CTpyKType cnjiaBa. OKa3ajiocb, hto npn o6jiyneHHH 20-io HMnyjibcaMH 
c E e = 917 fljK, o6pa3yeTCH HaHOKpHCTajijinnecKasi cpa3a a-Fe(Si), co cpeiTHHM pa3MepoM KpiiCTajijiiiTOB okojio 
11±3 hm, innpoKHH pecpjieKC KOTopoft noHBjiaeTCH Ha cpOHe ocTaTonHoft aMopcpHoft cpasbi. OT»cHr 20-hd HMnyjib- 
caMH c no/jBO/niMOH SHeprneft E e = 1103 ,H,>k npHBOiTHT k cpopMnpoBaHHio H-cpasbi. o/nroBpeMeHHO c HaHOKpn- 
CTajijinnecKoft <pa3oft a-Fe(Si). HpnneM HHTepecHO otmbthtb, hto pecpjiexc ot H-<pa3bi TpaHCcpopMnpyeTCH H3 
/nicppaKniiOHHoro rajio h HMeeT cnjibHO yinnpeHHyio cpopMy, BepoaTHO, BCjie^CTBHe jrncnepcHOCTH. 

J\jir aHajiH3a khhcthkh KpncTajijin3aniiH b MaTepnajiax nacTO ncnojib3yiOT MO/jejib KojiMoropoBa-,H>KOHCOHa- 
Mejia-ABpaMH (K^MA) |13| . 3t& MO^ejib ocHOBaHa Ha npe/jCTaBjieHnn npon,ecca KpncTajijiH3ainiH, cocToamero H3 
^Byx 3TanoB: noHBjieHHH cjiynaftHbiM o6pa30M KpncTajijin3aniiOHHbix 3apo;rbiineft b HeKOTopoM o6 r beMe, n pocT Kpn- 
CTajuinnecKoft (pa3bi H3 sthx 3apo;rbiineft c HeKOTopoft CKopocTbio n pp HeKOTopoft BejinnnHbi. CTporo roBopa, 3Ta 
MOjj,ejib cnpaBejj,jiHBa jijih raoTepMnnecKoro OTJKnra n Bbipa»caeT 3aBHCiiMOCTb o6 r beMHOH ;j,ojih x Bbmejisnomeftcji 
KpncTajijinnecKoft cpa3bi ot BpeMeHH t |14j : 



rjj,e n — noKa3aTejib ABpaMH hjih KHHeTHnecKHft noKa3aTejib, OTBenaioiniift 3a pa3MepHOCTb pacTymirx KpHCTan- 
jiob h nacTOTy noHBjieHHH KpHCTajuinnecKHx 3apojj,binieH, a K — KOScpcpHinieHT ABpaMH hjih nocTOHHHaa ckopocth 
peaKinin (KpHCTajijiH3au,HH) . HoKa3aTejib ABpaMH coctoht h3 a b Y x cjiaraeMbix n = n n + n gi rjj,e n n — OTBena- 
eT 3a noHBjieHne KpHCTajijiHHecKHx 3apo;rbiineft, a n g — 3a pocT KpHCTajijinnecKoft <pa3bi. B cjiynae 3-x MepHoro 
pocTa KpHCTajijiHHecKHx 3epeH nn HMeeT 3HaneHH5i < n n < 1: n n = — KpncTajuinnecKHe 3apojj,biniH yace cy- 
inecTBOBajiH paHee h hx KOJinnecTBO 6bijio hoctohhho jih6o CKopocTb hx noHBjieHHH cnjibHO 3aMejj,jieHHa; n n = 1 

— CKOpOCTb 3apO>K,II,eHHH KpHCTajIJIHHeCKHX 3apOJJ,binieH nOCTOHHHa, T.e. OHH nOHBJIHIOTCH OiTHOBpeMeHHO C pOCTOM 

KpHCTajijiHHecKHx 3epeH. 

B CBOK) onepejrb n g HMeeT 3HaneHH5i ot 3 npn jinHeftHOM pocTe KpncTajijiHTOB, jj,o 1,5 npn napa6ojinnecKOM 
hjih ^,H(pcpy3HOHHO-6apbepHOM pocTe. IIocTOHHHaH ckopocth peaKinin K 3aBHCHT ot TeMnepaTypbi T no 3aKOHy 
AppeHnyca: 



iyi,e Kq — KHHeTHnecKHH napaMeTp nocTOHHHOii ckopocth noHBjieHHH KpHCTajijiHHecKHx 3apojj,binieH, no nopsiiTKy 
BejiHHHHbi oh 6jih30k k nacTOTe KOJie6aHHH aTOMOB okojio nojio»ceHHH paBHOBecHH (Kq m 10 13 Fn,); E a — SHeprna 
aKTHBau,HH jj,jih noHBjieHHH 3apojj,binia KpHCTajijinnecKOH <pa3bi. 

3HaneHHH n h K mojkho Haft™ SKcnepHMeHTajibHO. ^jih SToro Heo6xojj,HMO jj,Ba>Kjj,bi npojiorapncpMnpoBaTb 
ypaBHeHne (1) ,n,jifl: nojiyneHHH cjiejj,yioni,ero cooTHonieHHH: 



x{t) = 1 - exp [- {Kt) n \ , 



(1) 




(2) 



G 



In [-ln(l - x(t))] = \nK + n-\nt. 



(3) 



HaftiTH SKcnepHMeHTajibHbie 3HaneHHH x(t), ctpoht no TOHKaM rpacpnK In [— In (1 — x(t))] ot hit n 3aTeM, anpoK- 
CHMnpya SKcnepnMeHTajibHbie tohkh jinHneii, HaxojTHT 3HaneHHH n n hiK. flanee no 3HaneHnio n /jejiaiOT npe/nio- 
jio»ceHHH o npeo6jia,n,aioin,eM MexaHH3Me KpncTajijiH3aniiH h HaxojTHT SHeprnio aKTHBanrin E a . 

Ha pnc. 5 npe/jCTaBjieHbi jrncppaKTorpaMMbi cnjiaBa nocjie o6jiyneHHH pa3HbiM KOjinnecTBOM HMnyjibcOB npn nop- 
bojthmoh SHeprnn E e = 917 JX^k. 3th jrncppaKTorpaMMbi hbho jj,eMOHCTpnpyiOT yMeHbnieHHe OTHOCHTejibHon o6t>- 
eMHOft ppjin aMop(pHoft (pa3bi h yBejinneHne HaHOKpncTajijinnecKOH (pa3bi npn yBejinneHnn KonnnecTBa HMnyjibcOB. 
J\w Haxosc^eHHH OTHOCHTejibHoro co,n,ep>KaHHH HaHOKpHCTajijiHHecKoft cpa3bi x(t) H3 peHTreHO,ii,H(ppaKn,HOHHbix 
SKcnepHMeHTajibHbrx /jaHHbix ncnojib3yeTCH cbh3b Mempy HHTerpajibHon HHTeHCHBHOCTbio pecpjieKca aHajin3npye- 
Moft (pa3bi n ee oGteMHOii jjpjien: 



aMopcpHon (pa3bi. B nporpaMMe Fityk [15J 6bijin Han;j,eHbi napaMeTpbi npocpnjien (nojio»ceHHe n,eHTpa TascecTH, 
aMnjiHTyn,a, HHTerpajibHaa HHTeHCHBHOCTb jihhhh h T.n.) ot aiviopcpHoro jrncppaKixHOHHoro rano n jrncppaKnTiOHHbix 
pecpjieKCOB, npnHa,n,jie}Kan;Hx HaHOKpncTajijinnecKOH (pa3e. B KanecTBe aHajiH3npyeMoil cpyHKinin /nicppaKiniOHHbix 
npocpnjien 6bijia Bbi6paHa (pyHKinrH ilnpcoHa VII. Ilpn ncnojib30BaHHH stoh (pyHKinin jjpcTnrajiocb Hanjiyninee co- 
rjiacne Mexfly 3KcnepHMeHTajibHbiMn h BbiHncjieHHbiMn jrncppaKTorpaMMaMH. Ooh 6hji annpoKCHMnpoBaH jinHen- 

HOft (pyHKUTieH. H3 Haft^eHHblX 3HaHeHHH HHTerpajIbHblX HHTeHCHBHOCTeH pecpjieKCOB HaHOKpHCTajIJIHHeCKOft <pa3bi 

h aMopcpHoro rajio. no cooTHonieHnio (4) 6bijin onpejj,ejieHbi OTHOCHTejibHbie BejinnnHbi jjpjin KpncTajijinnecKOH 
<pa3bi x(t). 

Mm CHHTaeM, hto CBeTOByio HMnyjibCHyio o6pa6oTKy mojkho CBecTH k H30TepMHHecKOMy OTxmry h ncnojib30- 
BaTb MOjj,ejib K^MA ,n,jiii aHajiroa khhcthkh KpHCTajijin3aniiH. B caMOM jj,ejie, nocKOjibKy nojTBOjrnMaH k jiaivme- 
BcnbiniKe SHeprna 6bijia o/nmaKOBon pjisi Bcex HMnyjibcOB, hh npe/nronaraeM, hto TeMnepaTypa ijeHTpajibHon nacTn 
o6pa3na He npeBbiniana HeKOToporo MaKCHMajibHoro 3HaHeHHH, nocKOjibKy ocTajibHbie ycjiOBna SKcnepnivieHTa 6bijin 
ojj,HHaKOBbiMH (HanpHMep, nojio»ceHHe o6pa3n,a OTHOCHTejibHO jiaMnbi, pa3Mep o6pa3n,a n T.n.). Ilpn HMnyjibCHOM 
o6jiyHeHHH H3MeHeHne TeMnepaTypbi o6pa3n,a T 3a BpeMH t ecTecTBeHHO jj,oji>kho 3aBnceTb ot BpeMeHH o6jiyHeHHH. 
HpaBHjibHO npn stom ynnTbiBaTb TenjiOByio HHepniiOHHOCTb o6pa3n,a, ho hh ynpomeHO cnnTaeM hto T(i) noBTopa- 
eT cpopMy HMnyjibca, n He y hhtbib aeM BpeMH HarpeBa h ocTbiBaHHH o6pa3H,a. B stom cjrynae, mm bbojthm noHHTne 
ycjiOBHoro BpeMeHH OT^Knra t = N x r, iyje N — KOjinnecTBO HMnyjibcOB, a r — jj,jiHTejibHOCTb sjieKTpoMaranTHoro 
HMnyjibca jiaMnbi-BcnbiniKH paBHaa okojio 500 mkc. 

Ha pnc. 6 npejj,CTaBjieHa 3aBHCHMOCTb ot hit, H3 KOTopoft 6hjih Haft/jeHbi 3HaneHHH n i ln]f, h bo BKjmjTKe 
npHBejj,eHa 3aBHCHMOCTb pocTa KpncTajijinnecKOH <pa3bi ot ycjiOBHoro BpeMeHH OTHcnra x(t). 

HaHjj,eHHbie H3 rpacpHKa ABpaMH (pnc. 6) 3HaHeHHH n h K npH6jiH3HTejibHO paBHbi cooTBeTCTBeHHO 0,5 h 2 sB. 
Heo6biHHO HH3Koe 3HaneHHe noKa3aTejiH ABpaMH n w 0, 5 ± 0, 2 coBnajj,aeT co 3HaneHHeM, npejj,CTaBjieHHbiM b 
pa6oTax |161I17| b kotopbix KHHeTHKy KpHCTajijiH3au,HH cnjiaBa Feys^CuiNbaSiia^Bg, npn TepMHnecKOM OT>KHre b 
BaKyyMe, HCCjiejj,OBajiH MeTOjj,aMH peHTreHOBCKOH jj,H(ppaKH,HH h Mecc6ay3poBCKOH cneKTpocKonnH. 

Ctojib HH3Koe 3HaHeHHe n CBH3aHO c TeM, hto KpHCTajijiH3ainiOHHbie 3apojj,binin B03HHKaiOT Ha rpaHHH,ax Mejj,- 
Hbix KjiacTepoB pa3MepoM 3-5 hm, a He b jiio6om MecTe aMopcpHoft (pa3bi (7J |T5] . Tame KjiacTepbi Mejj,H HanHHaiOT 
noHBjiHTbca b o6T>eMe aMopcpHoii cpa3bi b pe3yjibTaTe cnHHOjj,ajibHoro pacnajj,a. hto h o6ycjiaBjiHBaeT o6pa30BaHHe 
hx npn TeMnepaTypax Hn»ce, neM TeMnepaTypa KpHCTajijiH3an,nn 1-H CTa/pin. Hannnne Mejj,Hbix KjiacTepoB cyni,e- 
CTBeHHO noHn>KaeT SHeprnro, Heo6xojj,HMyK) ^jih o6pa30BaHHH a-Fe(Si) |T9 . BepoaTHO hmchho sto o6cTOHTejibCTBO 
HBjiaeTCH npnHHHon o6pa30BaHHH HaHOKpncTajijinnecKon (pa3bi TOjibKO nocjie HecKOjibKnx HMnyjibcOB (cBbinie 5- 
th, cm. pnc. 5 n 6 BKjia,n,Ka) . Hojj,bo,h,hmoh SHeprnn E e = 917 ,H,>k reHepan,nn CBeTOBoro HMnyjibca BepoaTHO 
He xBaTaeT KpHCTajijiH3au,HH HaHOKpncTajijiOB a-Fe(Si) cpaay 3a ojj,hh HMnyjibc. 3a HecKOjibKO HMnyjibcOB 
no o6T>eMy aMopcpHoii cpa3bi ycneBaroT ccpopMnpoBaTbca MHO»cecTBO Mejj,Hbix KjiacTepoB, KOTopbie noHnscaiOT aK- 
THBan,noHHyio SHeprnro, Heo6xojj,HMyio o6pa30BaHHH cpa3bi a-Fe(Si). YBejinneHne »ce nojj,BOjj,HMon SHeprnn 
pp 1310 fl?K npnBOjj,HT k «jj,bohhoh» KpHCTajijiH3an,HH '. BMecTe c <pa30H a-Fe(Si) noHBjiaeTCH H-cpa3a. Ha pnc. 7 
noKa3aHbi jj,ncppaKTorpaMMbi cnjiaBa SB^CP pp n nocjie o6jiyneHHH jiaMnon-BcnbiniKoii c nojj,BOjj,HMon SHeprneft 

1310 H3 HHX BHJJ,HO, HTO C pOCTOM KOJIHHeCTBa HMnyjIbCOB N COOTHOnieHHe MeiKpy 3THMH (pa3aMH MeHHeTCH 

BecbMa He3HaHHTejibHO. 

nocKOjibKy onpejj,ejiHioni,HM cpaKTopoM MaraiTOMHrMx cbohctb hbjihctch pa3Mep KpncTajijinTOB b aMopcpHoft 
MaTpnn,e, HfiMH no cpopMyjie CejiHKOBa-HIepepa |20J EI] 6bijin onpe/jejieHbi pa3Mepbi KpncTajijinTOB b 3aBncnMOCTH 
ot ycjiOBHoro BpeMeHH OTxcnra. Jinn onpe/jejieHHH cpH3HnecKoro yninpeHHH b KanecTBe STajiOHa Hcnojib30Banacb 
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Phc. 7: ,Z],HcppaKTorpaMMbi cnjiaBa 5B,U,CP b hcxo,h,hom coctohhhh h nocjie o6jiyHeHHH HeKorepeHTHbiM onTiinecKiiM 
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Phc. 8: 3aBHCHMOCTb pasMepa KpiiCTajijiiiHecKiix 3epeH D ot ycjiOBHoro BpeMeHH OT^Kiira t 



/picppaKTorpaMMa o6pa3ua, o6jiyHeHHoro cbctobmm HMnyjibcOM c no/jBO/niMoii SHeprneH E e = 1529 KaK sto 
y»ce OTMenajiocb paHee, TaKoii o6pa3eu, mm CHHTajiH noiiHOCTbio KpiiCTajijiii30BaHHbiM , c nojiiiKpiiCTajijiiiHecKOH 
CTpyKTypoii, b KOTopoii pa3Mep 3epeH npeBbiinaji 150 hm. H3 pnc. 8 bh,h,ho, hto Ha6jno,n,aeTCH pocT pa3Mepa 3epeH 
D hm (±2-3 hm) npn yBejiHneHHH ycjiOBHoro BpeMeHH OT>KHra t. 

HHTepecHO OTMeTHTb, hto pa3Mep KpncTajijiHTOB yBejiHHHBaeTCH ,n,a>Ke TOiyja, KOiyja pocT ppjm KpncTajijiHHe- 
ckoh cpa3bi x{t) npaKTHnecKH npeKpaTHjica. BepoHTHee Bcero sto CBiraaHO c yKpyimeHiieM mcjikiix KpiiCTajijiiiTOB 
BCjie,n,CTBHe hx o&beppmewaK, h npn yBejiiiHeroiii ycjiOBHoro BpeMeHH OTsciira cjie/iyeT o»»maTb HacbimeHHH pa3- 
MepoB KpncTajijiHHecKHx 3epeH D. 

HecMOTpa Ha to hto pa3Mep 3epeH onpe,n,ejieH c tohhoctbio 20-30%, mm CHHTaeM, hto npiiBe/jeHHMH Ha pnc. 8 
pocT o6ocHOBaHHMM, nocKOjibKy TOHHOCTb onpe/jejieHira (pH3HnecKoro yniHpeHHH H3 /nicppaKTorpaMM OKOJIO 0,1-1% 
(Majibiii HHTepBaji ohih6ok Ha pnc. 8). B to »ce BpeMH tohhoctb onpe/jejieHira D b 6ojibiiieH CTeneHH 3aBHCHT ot 
Bbi6opa STanoHa pjm onpe/jejieHira reoMeTpiinecKoro yiniipeHira h yneTa ,n,onojiHHTejibHMx BKjia,n,OB (,ny6jieTHOCTb 

JIHHHH K a , B03MOJKHbie BKJia/JM OT MHKpOHCKa>KeHHH peiHeTKH H XHMHHeCKOH HeO^HOpO/nTOCTIl) B CpH3HHeCKOe 

yniHpeHHe , KOTopbie b HacTOHiHeii pa6oTe He npoBO/numcb. 

4 BbiBo^bi 

Ilpe^CTaBjieHHMe pe3yjibTaTM noKa3ajiH, hto b pe3yjibTaTe HMnyjibCHoro oGjiyneHira HeKorepeHTHMM sjieKTpoMar- 
hhthmm H3jiyneHHeM b /niana30He ot HK ,n,o YO, reHepiipyeMoro rasopaspa^HOH jiaMnoH-BcnbiiiiKOH, aMopcpHbiii 
cnjiaB 5B,H,CP chctcmm Fe-Cu-Nb-Si-B KpHCTajijiH3yeTCH c o6pa30BaHiieM pa/ja npoMejKyTOHHbix CTpyKTyp, cocto- 
HHiie KOTopbix 3aBHCHT ot no/jBO/piMOH k jiaMne ajieKTpHHecKoii SHeprHH. Haii^eHM BejiiiHiiHM no/nio/niMOH SHeprrai 
npn KOTopbix o6jiyHaeMbiii cnjiaB: 

1. ocTaeTCH aMopcpHMM, ho MeHaeTCH 6jiickhhh nopa/jOK; 

2. CTaHOBHTCH HaHOKpHCTajijiHHecKHM , c Me»c3epeHHOH rpaHiiueii, cocTOHin,eii H3 aMopcpHoft cba3M jih6o h3 Meji- 
KO,n,HcnepcHOH H-cba3bi; 

3. CTaHOBHTCH nojiHKpHCTajijiHHecKHM , c KpynHMM pa3MepoM 3epeH (6ojiee 150 hm). 

KHHeTHKa cba30Boro nepexo/ja b o6jiacTH HaHOKpHCTajijiH3au,HH 6bijia HCCJie,n,OBaHa c Hcnojib30BaHHeM peHTreHOB- 
ckoh /picbpaKixHH. 3th nccjie,n,OBaHHH noKasanii, hto cbopMiipoBaHiie HaHOKpncTajijiOB npn HMnyjibCHOM o6jiyHeHiiii 
ii/jeT no Mexaroi3My, airajiorHHHOMy pjin chctcmm Fe-Cu-Nb-Si-B, ho npn H30TepMHHecKOM OT>Kiire H3 aMopcbiroro 
coctohhhh. KpHCTajijiH3au,HH npoiicxo/iTiT TOjibKO npn onpe^ejieHHOii no/jBO/niMoii SHeprnn n HannHaeTCH npn ko- 
jinnecTBe HMnyjibcOB CBMine N = 5, hto moxho paccMaTpiiBaTb KaK ycjiOBHoe BpeMH bo3hhkhob6hhh KjiacTepoB 
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Me/rn h KpHCTajijiH3au,HOHHbix 3apo/rbinieH cpa3H a-Fe(Si) Ha rpaHimax c sthmh KjiacTepaMH. Majioe 3HaHemie no 
KasaTejia ABpaMii n « 0, 5 noKa3biBaeT, uto cbopMiipoBaHiie 3apo/i,biineH npoiicxo/niT pocTa KpHCTajijmuecKiix 
3epeH a-Fe(Si) h hx poct chjibho orpaHHueH (cmibHee, ueM npn ,zni4)cpy3HOHHO-6apbepHOM pocTe). 
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